Objectives
The objective of this work is to engineer a hybrid biological/organic half-cell that couples Photosystem I to [FeFe] -hydrogenase using molecular wire technology. The construct will carry out the light-driven half-cell reaction 2H + + 2e -+ 2 hν  H 2 . The methodology involves constructing a Photosystem I variant and a [FeFe]-hydrogenase variant so that a molecular wire can be attached directly to their surface-located iron-sulfur clusters. The objectives include optimizing the coupling chemistry between the two proteins; measuring the quantum yield and rate of dihydrogen production; and engineering longterm stability of the Photosystem I-molecular wire-[FeFe]-hydrogenase half-cell.
Technical Barriers
Three preconditions must be met for the proposed hybrid photochemical half-cell to function: (i) Photosystem I must be engineered so that a cysteine ligand to the terminal [4Fe-4S] cluster on the PsaC subunit is replaced with a glycine residue. (ii) An [FeFe]-hydrogenase variant must be engineered so that a cysteine ligand to one of the [4Fe-4S] clusters is similarly replaced with a glycine residue. These changes will expose iron atoms in Photosystem I and in [FeFe]-hydrogenase to the medium, allowing the -SH 'rescue ligand' from the molecular wire to form a strong coordination bond. (iii) A 'molecular wire' must be synthesized, which contains an electron transfer cofactor and a -SH group at each end so that the latter can serve as 'rescue' ligands to the modified [4Fe-4S] clusters on Photosystem I and on the hydrogenase. When all of these conditions are met, and in the presence of a sacrificial donor, Photosystem I will convert two photons into energetic electrons; these electrons will be transferred through the molecular wire to the tethered hydrogenase, which will reduce two protons to hydrogen.
Abstract
A molecular wire is used to connect two proteins through their physiologically relevant redox cofactors to facilitate direct electron transfer. Photosystem I (PS I) and an [FeFe]-hydrogenase serve as the test bed for this new technology. By tethering a photosensitizer module with a hydrogen-evolving catalyst, attached by Fe/S coordination bonds to the F B iron-sulfur cluster of PS I and the distal iron-sulfur cluster of H 2 ase, efficient electron transfer between the two components can be assayed via lightinduced hydrogen evolution. These hydrogen producing nanoconstructs additionally self-assemble when the PS I variant, the hydrogenase variant and the molecular wire are combined.
Progress Report
We have recently reported the assembly of biological/ organic hybrid nanoconstructs that generate hydrogen in the light. In these nanoconstructs, electrons are transferred directly from a photochemical module, Photosystem I (PS I), to a catalytic module, either a Pt nanoparticle (NP) or an [FeFe]-hydrogenase via a covalently attached molecular wire. In neither case are any spectroscopic changes visible that would allow electron transfer to be monitored between the photochemical and catalytic modules. In this , assuming a PS I to PS II ratio of 1.8 as occurs in the cyanobacterium Synechococcus sp. PCC 7002. The significantly greater electron throughput by our hybrid biological/organic nanoconstruct over in vivo oxygenic photosynthesis validates our concept of tethering proteins through their physiologically relevant redox cofactors to overcome diffusion-based rate limitations on electron transfer.
Future Directions
Our plans for the future include (i) measuring the quantum yield of hydrogen evolution in the PS I-molecular wire-[FeFe]-hydrogenase nanoconstruct; (ii) docking the PS I-molecular wire-[FeFe]-hydrogenase nanoconstruct on either a graphene or gold electrode so that it functions as a cathode of an electrochemical cell; (iii) tethering a variant of an oxygen-tolerant [NiFe]-hydrogenase on the PS I-molecular wire module; (iv) investigating other entry portals for the molecular wire, including [2Fe-2S] clusters and cysteine residues placed near organic or inorganic cofactors of redox enzymes; (v) developing methods to produce these nanoconstructs biologically.
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